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http://www.ijbnpa.org/content/11/1/149RESEARCH Open AccessCan individual cognitions, self-regulation and
environmental variables explain educational
differences in vegetable consumption?: a
cross-sectional study among Dutch adults
Linda Springvloet1*, Lilian Lechner2 and Anke Oenema1Abstract
Background: Educational differences in health-related behaviors, where low- and moderate-educated individuals
have poorer outcomes than high-educated individuals, are persistent. The reasons for these differences remain
poorly understood. This study explored whether individual cognitions, self-regulation and environmental-level
factors may explain educational differences in vegetable consumption.
Methods: A cross-sectional study was conducted among 1,342 Dutch adults, of whom 54.5% were low/moderate-
educated. Individuals completed an online questionnaire, assessing education, vegetable consumption, demographics,
individual cognitions (attitude towards consuming 200 grams of vegetables a day, self-efficacy, subjective norm, intention,
perception of vegetables as being expensive), self-regulation (general self-regulation, vegetable-specific action- and
coping planning) and environmental-level factors (perception of availability of vegetables in the supermarket
and availability of vegetables at home). The joint-significance test was used to determine significant mediation
effects.
Results: Low/moderate-educated individuals consumed less vegetables (M = 151.2) than high-educated individuals
(M = 168.1, β = −0.15, P < .001). Attitude and availability of vegetables at home were found to partially mediate the
association between education and vegetable consumption (percentage mediated effect: 24.46%).
Discussion: Since attitude and availability of vegetables at home partially explain the difference in vegetable
consumption between low/moderate- and high-educated individuals, these variables may be good target points for
interventions to promote vegetable consumption among low/moderate-educated individuals.
Keywords: Vegetable consumption, Socio-economic status, Individual cognitions, Self-regulation, Physical
environmental factorsBackground
Consuming a sufficient amount of vegetables can de-
crease the risk of multiple diseases, like cardiovascular
diseases (CVD) and some forms of cancer [1-3]. In most
Western countries, like The Netherlands, UK and USA,
vegetable consumption is, however, far below recom-
mended consumption levels [1,2,4,5]. Dutch adults, for* Correspondence: linda.springvloet@maastrichtuniversity.nl
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article, unless otherwise stated.example, have an average daily vegetable consumption
of only 130 grams, while it is recommended to consume
at least 200 grams of vegetables a day [2].
Vegetable consumption is even lower among lower
educated individuals compared to high-educated indi-
viduals [2,6-9]. In the Netherlands, the difference in
vegetable consumption is most striking between low/
moderate- and high-educated adults; high-educated
adults consume on average 147 grams of vegetables a day,
while low- and moderate-educated adults consume on
average only 122 and 127 grams respectively [2]. To be
able to decrease the difference in vegetable consumptiontral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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is important to understand which factors may explain this
difference.
Potential explanatory factors may be derived from motiv-
ational (e.g. Theory of Planned Behavior (TPB) [10], Social
Cognitive Theory [11]), volitional (e.g. Self-Regulation The-
ory [12]) and socio-ecological models (e.g. the EnRG frame-
work [13]). These models are mostly used to explain
health-related behavior, but educational differences in fac-
tors derived from these models may also (partially) explain
differences in vegetable consumption between low/moder-
ate- and high-educated individuals.
According to the TPB [10], attitude, subjective norm
and perceived behavioral control (or self-efficacy) predict
intention, which subsequently predicts behavior (e.g. vege-
table consumption) [14]. There is compelling evidence that
attitude and self-efficacy explain vegetable consumption
(e.g. [15,16]). There is also evidence that demonstrates
educational differences in general self-efficacy [17] and per-
ceived barriers related to vegetable consumption [18]. How-
ever, to our knowledge, there are no published studies that
have studied the TPB variables as potential mediators in the
association between vegetable consumption and education
in adults. A study that addressed these variables for fruit
consumption among adolescents, however, showed that
perceived importance of healthy behaviors and self-efficacy
mediated the relationship between fruit consumption and
maternal education [19].
Self-regulation (the capacity to regulate and adapt be-
havior in order to achieve self-set goals) is also a poten-
tially important determinant of behavior [12] that most
likely has its effect in the post-motivational phase of the
behavior change process. A study of Anderson et al. [20]
found that enactment of self-regulatory behaviors, like
? regulating vegetable consumption ? , increased vegetable
consumption. More specific self-regulation skills like
action- and coping planning have also been found to
be associated with vegetable consumption [21]. To our
knowledge, there are no studies that have reported on
educational differences in these skills for vegetable con-
sumption or general dietary behaviors, but for smoking
cessation it has been found that high-educated individ-
uals are more likely to form instrumental and thus better
quality coping plans than lower educated individuals
[22]. Such educational differences in self-regulation may
also exist in relation to vegetable consumption and
could potentially explain educational differences in vege-
table consumption.
With respect to environmental-level factors, physical
environmental factors such as perceived costs of vegeta-
bles [9,23], perceived local availability of vegetables [9]
and availability of vegetables at home [24,25] have been
found to be associated with vegetable consumption. In
addition, these factors have been suggested to explain therelation between education and vegetable consumption. A
study of Inglis and colleagues [9] showed that perceptions
of food availability, accessibility and affordability almost
fully explain educational differences in vegetable con-
sumption. Another study also showed that the relative
importance of price in food choices (partially) mediated
the effect of education on vegetable consumption among
women [26]. A second category of potentially important
physical environmental factors is availability of vegetables
at home. A study among adolescents, for example, has
shown that (perceived) accessibility of vegetables at home
mediates the association between adolescents? vegetable
consumption and their parents? education [25].
The aim of the present study is to examine whether in-
dividual cognitions (attitude, self-efficacy, subjective norm,
intention, perception of vegetables as being expensive), self-
regulation (general self-regulation and vegetable-specific
action- and coping planning) and physical environmental
factors (availability of vegetables at home and perception of
availability of vegetables in supermarkets) mediate the rela-
tion between education and vegetable consumption in
Dutch adults.
Methods
Study design and participants
A cross-sectional study was conducted, using baseline
data from a randomized controlled trial aimed at testing
the efficacy of a web-based, computer-tailored nutrition
education intervention [27]. The Medical Ethics Committee
of the Erasmus Medical Centre in Rotterdam, the
Netherlands, approved the study protocol of the trial
(NL35430.078.11/MEC-2010-408).
The target group of the study consisted of low/moderate-
and high-educated Dutch adults (20? 64 years). Individuals
were recruited between March and October 2012 in five
cities in the South of the Netherlands (Heerlen, Roermond,
Venlo, Venray and Weert), mainly via personal mailings
that were sent to 26,402 random home-addresses.
Additionally, Facebook advertisements, advertisements
in (local) newspapers, local television and distributing
flyers and talking to people in shopping malls were
used for recruitment. Individuals could sign up for the
study by phone, e-mail or via the study website. Inclu-
sion criteria were: aged between 20 and 65 years, hav-
ing a sufficient understanding of the Dutch language
(in reading and writing) and having Internet access.
Exclusion criteria were: being on a diet prescribed by a
physician or dietician, having a medical condition that
implies restrictions in eating behavior (e.g. CVD or
bowel disease) and not willing to sign an informed
consent.
A total of 2,159 individuals indicated to be willing to
participate in the trial, of whom 1,345 were included in
the study (Figure 1). Three individuals were excluded
Figure 1 Flow-chart of inclusion of respondents.
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total of 1,342 individuals to be included in the analyses
(=62.2% of the registries).
Procedure
Individuals who signed up for the study were sent an on-
line baseline questionnaire [27]. One e-mail reminder
for filling out the baseline questionnaire was sent two
weeks after the initial invitation. The baseline question-
naire started with assessing the inclusion- and exclusion
criteria. Individuals who met the inclusion criteria were
asked to give online informed consent before they could
continue with the baseline questionnaire. A written in-
formed consent form was sent via postal- or e-mail and
only individuals who signed and returned the written in-
formed consent form were included in the study. For
this study we only used the questions that assessed vege-
table consumption, education, some background vari-
ables, like age and ethnicity, and potential mediators
related to vegetable consumption (individual cognitions,
self-regulation concepts, environmental-level factors).
The questionnaire also included assessments of (deter-
minants of ) fruit, high-energy snack and fat intake.
These dietary behaviors were not examined in this study,




Vegetable consumption was measured with a validated
food frequency questionnaire consisting of four items
using a reference period of one month [28,29]. Individuals
were asked on how many days per week they usuallyconsume cooked and raw vegetables or salads (ranging
from 0? 7 days per week) and how many tablespoons of
cooked and raw vegetables or salads they usually ate on
these days (ranging from one to six or more). Grams of
vegetables per day were calculated by multiplying the fre-
quency by the amount of tablespoons, divided by seven
(days a week).
Education
To assess education, individuals had to indicate their
highest attained education [30]. Answer possibilities
were: 1) no education (primary school not finished); 2)
primary school; 3) lower or preliminary vocational edu-
cation; 4) lower general secondary education; 5) inter-
mediate vocational education; 6) higher secondary or pre-
university education; 7) higher vocational education; 8) uni-
versity. Education was dichotomized into two educational
groups; (0) high-educated (higher vocational education and
university) and (1) low/moderate-educated (no education
to higher secondary or pre-university education).
Potential mediators
Attitude towards consuming 200 grams of vegetables a
day was measured with three items that assessed beliefs
about health, taste and importance (Cronbach? s alpha
(α) = 0.75) (Table 1). The item perception of vegetables
as being expensive did not fit into the attitude scale and
was therefore included in the analyses as a separate atti-
tude item. Self-efficacy expectations were measured with
two items about perceived difficulty and ability of con-
suming 200 grams of vegetables a day (Pearson correl-
ation (r) = 0.63, P < .001). Social influence was assessed
with one item relating to subjective norm and one
Table 1 Assessment of potential mediators
Concept Items Answer categories α
Individual cognitions
Attitude towards consuming 200
grams of vegetables a daya
I think eating 200 grams of vegetables per day is ? Very unhealthy (1) ? very healthy (5) 0.75
Very unimportant (1) ? very important
(5)
Very disgusting (1) ? very delicious (5)
Perception of vegetables as
being expensivea
I think eating 200 grams of vegetables per day is ? Very expensive (1) ? very cheap (5) N.A.
Self-efficacya Do you think you can eat 200 grams of vegetables per day in
the next 6 months if you really want to?
Definitely not (1) ? definitely (5) 0.73
How difficult or easy do you think it is to eat 200 grams of
vegetables each day in the next 6 months?
Very difficult (1) ? very easy (5)
Subjective norma Most people who are important to me? Definitely not (1) ? definitely (5) 0.77
? Think I should eat 200 grams of vegetables each day
? Eat 200 grams of vegetables each day
Intentiona Do you intend to eat 200 grams of vegetables a day? Definitely not (1) ? definitely (5) N.A.
Self-regulation concepts
General self-regulationa When I have a goal, I can usually plan how to reach it Definitely not (1) ? definitely (5) 0.79
I give up quickly (reversed)
I have trouble to make plans that help me to reach my goals
(reversed)
I have a hard time setting goals for myself (reversed)
I set goals for myself and keep track of my progress
If I try to change something, I pay attention on how I am doing
Action planningb I have a clear plan for ? Completely disagree (1) ? completely
agree (4)
0.91
? When I am going to eat more vegetables
? Which kinds of vegetables I am going to eat more
? How much vegetables I am going to eat more
Coping planningb I have a clear plan for ? Completely disagree (1) ? completely
agree (4)
0.92
? What I am going to do when something interferes with my
plans to eat more vegetables
? What I am going to do in situations in which it can be more




In the store where I usually do my shopping, there is a sufficient
amount of vegetables available





How often do you have vegetables available at home? Never (1) ? always (5) N.A.
α = Cronbach? s alpha.
aMeasured on a 5-point scale (ranging from 1 to 5); bMeasured on a 4-point scale (ranging from 1 to 4).
Springvloet et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:149 Page 4 of 10
http://www.ijbnpa.org/content/11/1/149relating to perceived vegetable consumption by others
(modelling) (r = 0.57, P < .001). Intention was assessed
with one item, asking whether the individual intended to
consume 200 grams of vegetable a day. All individual
cognitions [10] were measured on a 5-point scale. When
Cronbach? s alpha was larger than 0.70, or correlation
was significant, items were collapsed to a single variable
by calculating the mean score over the different items.General self-regulation was measured using six items
of the Self-Regulation Questionnaire with the highest
factor loading [31]. These items (α = 0.79) measured dif-
ferent aspects about ease or difficulty of making goals
and plans, monitoring and perseverance. Answers were
on a 5-point scale, ranging from definitely not to defin-
itely. Action planning was measured with three items
adapted from a questionnaire used in a study of Sniehotta
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clear plans for when, how much and which vegetables to
eat more (α = 0.91). Coping planning [32] was measured
by assessing whether individuals have clear plans for what
to do in difficult situations and when something inter-
feres with their plans (r = 0.84, P < .001). Action- and
coping planning were measured on a 4-point scale, ran-
ging from completely disagree to completely agree. When
Cronbach? s alpha was larger than 0.70, or correlation was
significant, items were collapsed to a single variable by cal-
culating the mean score over the different items.
The perception of the availability of vegetables in the
supermarket where someone usually does the shopping
was measured by assessing whether individuals perceive
the availability of vegetables in their supermarket as
sufficient. The availability of vegetables at home was
assessed by questioning how often individuals have vege-
tables available at home. The environmental-level factors
were measured on a 5-point scale.
Confounding variables
Potential confounding variables that were taken into
account in this study are: age (in years), sex (male vs.
female), place of residence ( ?What is your place of resi-
dence? ? : Heerlen, Roermond, Venlo, Venray, Weert) and
ethnicity (non-Western vs. Western). Ethnicity was mea-
sured by asking the country of birth of one ? s father and
mother (Netherlands, Suriname/Netherlands Antilles,Figure 2 Conceptual model for potential mediators between educatio
education and potential mediators; path b = associations between potential m
association between education and vegetable consumption; path c? = direct as
potential mediators. All paths were adjusted for potential confounders (age, seTurkey, Morocco or different). In line with the proce-
dures of Statistics Netherlands [33] an individual was
considered to be of Western ethnicity if both parents
were born in Europe (except for Turkey), North America,
Oceania, Indonesia or Japan. If at least one parent was born
elsewhere, the individual was considered to be of non-
Western ethnicity. Hence, a dichotomous measure of eth-
nicity was constructed: non-Western (0) and Western (1).
Data analyses
Descriptive statistics were used to describe the study
sample and the low/moderate- and high-educated sub-
groups. Independent t-tests and chi-square tests were con-
ducted to examine differences in vegetable consumption,
potential mediators and potential confounding variables
between low/moderate- and high-educated individuals.
For the mediation analysis, the model depicted in
Figure 2 was used. Path c in this model refers to the as-
sociation between education and vegetable consumption;
path a refers to the associations between education and
potential mediators; path b refers to associations be-
tween potential mediators and vegetable consumption,
adjusted for education, because education may be a con-
founder in this association; path c ? refers to the associ-
ation between education and vegetable consumption,
adjusted for all potential mediators.
Mediation between education and vegetable consump-
tion was established using the joint-significance test [34],n and vegetable consumption. Note: Path a = associations between
ediators and vegetable consumption, adjusted for education; path c = total
sociation between education and vegetable consumption, adjusted for all
x, place of residence, ethnicity).
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path a and path b are significant. The associations be-
tween education and potential mediators (path a) were
assessed with multiple linear regression analyses. The as-
sociations between potential mediators and vegetable
consumption, adjusted for education (path b) were
assessed with one multiple linear regression analysis in-
cluding all potential mediators in order to test these as-
sociations independent of the effects of other potential
mediators.
The total effect of education on vegetable consump-
tion (path c) was examined by a multiple linear regres-
sion analysis. The direct effect of education on vegetable
consumption (path c ? ) was examined using one multiple
linear regression analysis, adjusted for all potential medi-
ators. Calculating path c and path c ? is not part of the
joint-significance test, but differences between these
pathways were used to determine whether there was
full- or partial mediation [35]. Additionally, the percent-
age mediated effect was calculated by dividing the total





Age in years (SD) 49.02 (10.63) 47.23 (11
Sex (% male) 35.5 39.1






Ethnicity (% non-Western) 1.3 0.8
Vegetable consumption 158.9 (69.30) 168.1 (68
Individual cognitions
Attitudea 4.16 (0.49) 4.20 (0.4
Perception of vegetables as being expensivea 3.01 (0.51) 3.02 (0.5
Subjective norma 3.45 (0.82) 3.45 (0.8
Self-efficacya 3.84 (0.84) 3.82 (0.8
Intentiona 4.06 (0.89) 4.08 (0.9
Self-regulation concepts
General self-regulationa 3.48 (0.78) 3.58 (0.7
Action planningb 2.24 (0.64) 2.16 (0.6
Coping planningb 2.10 (0.64) 2.06 (0.6
Environmental-level factors
Perception of availability in supermarketa 4.47 (0.65) 4.46 (0.6
Availability of vegetables at homea 4.54 (0.61) 4.59 (0.5
T = Independent t-test; X2 = Chi-square test; Df = Degrees of freedom; *Significant d
aAnswer scale ranging from 1 to 5; bAnswer scale ranging from 1 to 4.all significant mediators) by the total effect assessed in
path c. For mediators that consist of multiple items, the
percentage mediated effect of the separate items was
also calculated.
The results of the linear regression analyses were veri-
fied using the bootstrapping method. With bootstrap-
ping the study sample is resampled over and over again
(n = 1,000), the regression coefficient for each sub-sample
is calculated and a total standard error is provided, based
on which a significance test is computed [36].
All regression analyses were adjusted for potential
confounding variables (age, sex, place of residence and
ethnicity). Alpha was set at .05. Analyses were performed
with SPSS version 19 (IBM Corp, Armonk, NY, USA).
Results
Participant characteristics
A total of 1,342 individuals were included in the analyses.
The mean age of the individuals was 49.02 years (SD =
10.63), 1.3% had a non-Western ethnicity and 35.5% were





T X2 Df P
.34) 50.52 (9.76) −5.63 - 1,211.05 <.001*
32.4 - 6.52 1 .01*
- 9.09 4 .06
24.5 - - - -
14.1 - - - -
21.1 - - - -
20.0 - - - -
20.4 - - - -
1.8 - 2.32 1 .13
.58) 151.2 (69.02) 4.46 - 1,340 <.001*
8) 4.13 (0.50) 2.44 - 1,340 .02*
3) 3.00 (0.50) 0.95 - 1,340 .34
3) 3.45 (0.81) −0.03 - 1,340 .97
4) 3.84 (0.83) −0.46 - 1,340 .65
0) 4.04 (0.89) 0.77 - 1,340 .44
7) 3.39 (0.79) 4.65 - 1,340 <.001*
5) 2.30 (0.62) −3.91 - 1,340 <.001*
6) 2.13 (0.63) −2.15 - 1,340 .03*
4) 4.48 (0.66) −0.37 - 1,340 .71
6) 4.50 (0.64) 2.72 - 1,336.11 .007*
ifference between educational levels (P < .05).
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The low/moderate-educated group had a higher mean age
(P < .001) and consisted of fewer males (P = .01) than the
high-educated group. The mean daily vegetable consump-
tion was 158.9 grams (SD = 69.30). Low/moderate-edu-
cated individuals had a lower daily vegetable consumption
(M = 151.2, SD = 69.02) than high-educated individuals
(M = 168.1, SD = 68.58, P < .001). Overall, individuals had
a positive, high, score on individual cognitions, except for
the perception of vegetables as being expensive, which
was scored as neutral (not expensive / not cheap). Positive,
high, scores were also found for general self-regulation,
perception of availability of vegetables in the supermarket
and availability of vegetables at home. Low/moderate-
educated individuals had a slightly less positive attitude to-
wards consuming 200 grams of vegetables a day (P = .02),
a slightly lower score on general self-regulation (P < .001)
and reported to have vegetables available at home slightly
less often (P = .007) than high-educated individuals.
Overall, individuals reported to not often have action-
or coping plans, but low/moderate-educated individ-
uals more often had action- (P < .001) and coping plans
(P = .03) for eating more vegetables compared to high-
educated individuals.
Joint-significance test
The results of the associations in path a and path b
(the joint-significance test) are shown in Table 3. Even
though there were a number of significant associations
between education and potential mediators and betweenTable 3 Associations between education and potential media
consumption (path b)a,b













Perception of availability in supermarket 0.001
Availability of vegetables at home −0.10
*Significant association (P < .05).
aAdjusted for age, sex, place of residence and ethnicity; bAdjusted for education.
Bold: significant association for path a or path b; Bold and italic: significant associapotential mediators and vegetable consumption, only at-
titude and availability of vegetables at home could be
identified as mediators in the association between edu-
cation and vegetable consumption, since for these two
variables both path a and path b were significant.
Total effect, direct effect and percentage mediated effect
The multiple linear regression analysis showed that
there was a significant, negative, association between
education and vegetable consumption (path c; β = −0.15,
P < .001), indicating that low/moderate-educated individ-
uals have a lower vegetable consumption than high-
educated individuals. When all potential mediators were
included in the multiple linear regression model, the as-
sociation between education and vegetable consumption
remained significant (path c ? ; β = −0.10, P < .001), indi-
cating partial mediation by attitude and availability of
vegetables at home. The same result was found when
only attitude and availability of vegetables at home, and
not the other potential mediators, were included in the
model (β = −0.08, P = .001).
Attitude and availability of vegetables at home explained
24.46% of the association between education and vege-
table consumption (12.84% was mediated by attitude and
11.62% by availability of vegetables at home). Calculating
the percentage mediated effect for the separate attitude
items showed that the health, importance and taste beliefs
mediated 1.08%, 4.21% and 7.35% respectively.
The bootstrapping verification procedure produced
similar results.tors (path a)a and potential mediators and vegetable












tion for both paths.
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This study explored whether individual cognitions,
self-regulation and physical environmental factors can
explain the difference in vegetable consumption be-
tween low/moderate- and high-educated adults in the
Netherlands. Attitude towards consuming 200 grams
of vegetables a day and availability of vegetables at
home were found to partially mediate this relation.
The finding that attitude mediated the association be-
tween education and vegetable consumption is in line
with the findings of a previous study on fruit consump-
tion among adolescents [19]. Although both educational
groups had a positive attitude towards vegetable con-
sumption, the attitude of low/moderate-educated indi-
viduals was (slightly) less positive. This small difference
apparently contributes to an educational difference in
vegetable consumption. No other studies that assess a
mediating effect of attitude were found, but this finding
indicates that attitude is important in the association
between education and vegetable consumption. Since
beliefs about taste had the largest percentage mediated
effect of the three attitude items, it may be most benefi-
cial to target taste perceptions. However, more studies
are needed to confirm this finding.
Availability of vegetables at home also mediated the
association between education and vegetable consump-
tion, which is in line with a previous study among
adolescents [25]. Having vegetables at home less often
was associated with a lower vegetable consumption and,
although availability of vegetables at home was high for
both educational groups, the availability at home was
(slightly) lower for low/moderate-educated individuals.
Again, this apparently small difference can result in an
educational difference in vegetable consumption. Al-
though the physical environment is often suggested to
be important for dietary behavior, this study suggests
that, with respect to vegetable consumption, it can also be
the physical home environment that is of bigger influence
than the broader physical neighborhood environment.
Perceived availability of vegetables in the supermarket
was not a mediator of the difference in vegetable con-
sumption, since this perception did not differ between
the two educational groups. An explanation for this may
be that in the Netherlands differences in (objective)
availability of vegetables in supermarkets between high
and low socio-economic neighborhoods are not that
prominent, as is also suggested in another Dutch study
that did also not find educational differences in this per-
ception [23]. Another explanation may be that both low/
moderate- and high-educated individuals have chosen to
buy their vegetables in a specific supermarket because
this supermarket has a sufficient amount of vegetables
available. This could decrease educational differences in
this perception.Contrary to our expectations, no evidence for a
mediating effect was found for self-efficacy, subjective
norm, intention and the perception of vegetables as
being expensive, mainly because no educational diffe-
rences were found. This is in contrast with other stu-
dies that did find educational differences in variables
such as relative importance of price [26], perceived
costs of vegetables [9,23], self-efficacy [17] and per-
ceived barriers related to vegetable consumption [18].
Participants in our study were recruited to participate
in a study evaluating a nutrition education interven-
tion. This could have led to including a selective group
of individuals who were motivated and willing to in-
crease vegetable consumption, which may explain not
finding educational differences in these variables. This
suggestion is supported by the finding that vegeta-
ble consumption was higher and educational differ-
ences herein were smaller than in the general Dutch
population [2].
For general self-regulation, educational differences
were found, but the association with vegetable consump-
tion was only borderline significant (P = 0.08). This could
be due to assessing general instead of vegetable-specific
self-regulation skills. A study of Anderson et al. [20]
assessed vegetable-specific self-regulatory behaviors and
found that enactment of self-regulatory behaviors, such as
regulating vegetable consumption, had a positive effect on
vegetable consumption. However, the self-regulation
concepts action- and coping planning were measured
vegetable-specific in our study but were also not asso-
ciated with vegetable consumption. This latter finding
may be due to the measurement of action- and coping
planning. Individuals only had to report whether they
have plans, without a prior manipulation or instruc-
tion of making plans, which is in contrast to other
studies that showed associations of action- and coping
planning with vegetable consumption (e.g. [21]). Con-
sequently, we have measured plans that individuals
have formed ? spontaneously ? . The quality of such plans
may not be optimal, resulting in a lack of association
with vegetable consumption. Another explanation may
be that the plans were formed for increasing vegetable
consumption in the future, which makes it less likely
that these plans are associated with current behavior.
Action planning was, however, associated with educa-
tion. Although the difference was only small, low/
moderate-educated individuals reported to have more
often plans on when, how much and which vegetables
to eat more. This may also be explained by the assess-
ment of the concept. We measured planning regarding
going to eat more vegetables. Since low/moderate-ed-
ucated individuals consumed less vegetables, they may
also have had more opportunities to improve vegetable
consumption than high-educated individuals and may
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ing more vegetables.
The educational difference in daily vegetable con-
sumption in our study was, although significant, only
16.8 grams. This is smaller than the educational differ-
ence in the general Dutch population [2]. One explan-
ation for this may be that our study sample was highly
motivated, which is supported by the high intention to
consume at least 200 grams of vegetables a day. Al-
though a difference of 16.8 grams per day seems to be
small, it comes to a difference in weekly consumption of
117.6 grams, which is still relevant.
Attitude and availability of vegetables at home did not
completely mediate the association between education
and vegetable consumption. This indicates that the effect
is mainly direct or that other factors, such as storage
[37], social environment [38] and taste preferences [39]
may also be mediators. More research on other poten-
tially important factors is needed, in order to get insight
in other factors that contribute to educational differ-
ences in vegetable consumption.Limitations
Several limitations should be taken into account when
interpreting the results of this study. Firstly, because of
the cross-sectional design of the study no conclusions
on causality or directions of the associations can be
drawn. Secondly, although a validated questionnaire was
used to measure vegetable consumption [28,29], measure-
ments were self-reported. This may be less accurate than
using more objective instruments, such as biomarkers,
and may have resulted in, for example, response bias or
over-reporting. Using objective instruments was, however,
not feasible in this study because of the large number of
participants. In addition, the questionnaires were validated
for hard-copy use only, while we used online versions.
Thirdly, most potential mediators were measured with a
small number of items and not all variables could be mea-
sured with validated or existing questionnaires. Therefore,
new questions were developed for this study, for which
validity is unknown. Also, the validity and reliability of
measures among low-educated individuals is unknown.
This may be especially the case for action- and coping
planning, since these are complex concepts that may be
hard to interpret. Another limitation could be that we may
have recruited a selective sample, since only a very small
proportion of the study population had a non-Western
background and the consumption levels of both educa-
tional groups are high compared to the general Dutch
population [2]. In addition, the educational groups differed
in age and percentage male. By adjusting the analyses for,
amongst others, these variables, the results are probably
still reliable. Lastly, since only 19.3% of the study samplewere low-educated and differences between low and mod-
erate educational groups are reported to be small [2], low-
and moderate-educated individuals were combined into
one group. This may have resulted in smaller differences
between educational groups. Therefore, future research
that focuses on educational differences should include
more low-educated individuals.
Conclusion and practical implications
Attitude and availability of vegetables at home explained
about 25% of the educational difference in vegetable
consumption in this sample of Dutch adults. Low/mod-
erate-educated individuals had a less positive attitude to-
wards consuming 200 grams of vegetables a day and had
less often vegetables available at home, which both were
related to a lower vegetable consumption. Although
longitudinal and replicated studies are needed to further
test the findings of this study, these results indicate that
interventions aimed at decreasing educational differ-
ences in vegetable consumption should focus on pro-
moting a positive attitude and increasing the availability
of vegetables at home among low/moderate-educated
individuals.
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